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ON-CHIP INDUCTOR HAVING IMPROVED QUALITY FACTOR AND METHOD 

OF MANUFACTURE THEREOF 



TECHNICAL FIELD OF THE INVKNTTOTJ 

This invention relates generally to integrated 
circuits and more particularly to on-chip inductors. 

BACKGROUND OF THE INVENTION 



Integrated circuits (IC's) are known to include a 
substrate, one or more dielectric layers on the substrate, 
and one or more metal layers supported oy a corresponding 
dielectric layer. The metal layers are fabricated in such 

20 a way to produce on-chip components such as resistors, 

transistors, capacitors, inductors, et cetera. How an on- 
rhip comporienc is f ak^ricated, as well as the numoer of 
dielectrir layers and metal layers, minimum and maximum 
metal track sizes, and spacing k'etween metal tracks, are 

25 dictateo by the technol'jgy used and cc'irespc^niiing fc^undry 
rules goveining the fabricaoicin of integrated circuits 
using such technology. 

For example, CMOS technology is reaaily used for cost 
30 effective integrated circuits. Foundries that manufacture 
CMOS integrated circuits provide rules governing the number 
of dielectric layers ana metal layers, minimum and maximum 
metal track sizes, spacing between the metal tracks, 
fabrication options, ana other aspects of integrated 
35 circuit prc-ductic-n . The fabrication options include adding 



a P-well layer, adding a field oxide layer, adding a poly- 
shield, et cetera. 

It has oecome conventional wisdom, (i.e., a de-factc- 
5 standard) among on-chip inductor designers that the quality 
factor (i.e., zhe measure of a component's, or circuit's, 
ability to provide a large output at resc-nant frequency and 
the frequency selectivity of the component or circuit) is 
maximized by including a p-jly-shield with a ?-well layer 

10 and a field oxide layer. By designing 8 to 10 nano Henry 
on-chip inductor in accordance with conventional wisdom, a 
quality factor of about &.07 to 3.70 can be obtainea at 2. . A 
gigahertz. While such inductors may t'e acceptable for some 
applicati-i-ns, improving the Quality factor of r>n-chip 

15 inductors improves p^.Tfr^rrD^^ru--^ in such applicctionc and 
allows on-chip inductors to be used in many :-ther 
applications currently beyc'nd the reach of conventional on- 
chip inductors . 

20 Therefore, a neea exists fc-r an on-cnip inductor that 

has an imprc-ved quality fa-:vtor with resp-^ct :o current on- 
::hip indurcors and a need exists for a methC'ii of 
manufacture tnereo f . 

25 SUMMARY OF THE INVENTION 

The on-chip induct'jr disci c-sei herein substantially 
meets these needs and others. An -jn-cnip inouct'i-r, in 
accordance witn the present inventi^on, c-onsists of at leasi 
30 one dielectric layer, at least one conductive winding on 

the at least C'ne dielectric layer and a P-well layer having 
a major surface that is parallel to a major surface jf the 



dielectric layer. The on-::hip inductor may be exp-anded to 
include a plurality of conductive windings on one or more 
dielectric layers. In additi-jn, the -jn-chip induc^tor may 
be expanded to further include a field oxide layer. In 
5 addition, the on-chip inductor may include a center tap to 
produce a differential inductor and/or may include a 2"^ 
winding to produce an on-chip transformer. The on-chip 
inductor, however, does not include a poly-shield. 

10 An alternate embodiment of an on-chip inductor 

includes at least one dielectric layer, at least one 
conductive winding on tne at least on dielectric layer and 
a field oxide layer that has a major surface parallel with 
the major surface jf the dielectric layer. I*^ t'^i*^ 

1 truLjO-^'O iiiin::;n t , tne on-cmp inductor may Ic-e expanded t.c j.ncludc 
a P-well layer. In addition, the cc-nduct i.ve winding may 
include several turns per layer and may include several 
layers. In addition, the on-chip inductor may include a 
center tap to produce a differential inductor and/cr may 

20 include a 2''^ winding to produce an on-chip transformer. 
The C)n-chip' inductor, hjwever, dC'OS not include a f-oly- 
shield. 

25 In anc-ther embodiment of an on-chip inductor in 

acc-jrdance with the p^resent inventicin, the c^n-chip' inductor 
includes at least 'jne dielectric layer, least r.^.e 
conductive winding cn the at least one dielectric layer and 
a P'jly silicon layer (i.e., a poly shield layer) that has a 

30 major surface that is parallel tc the major surface of the 
dielectric layer. In this embodiment of the on-chip 
inductor, the on-chip inductor dees net include a P-well 
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layer or a field oxide layer. As with the other 
embodiments, the on-chip inductor may be expanded to 
include a 2^^^ winding to produce an on-chip transformer 
and/or may include a center tap to produce a differential 
5 inductor. 

Each of the embodiments of the on-chip inductc>r may be 
fabricated by creating at least one dielectric layer, 
creating at least one conductive winding on the at least 
10 one dielectric layer and creating either a P-well layer, 
field -jxide layer or poly-silicon layer having a major 
surface parallel to a major surface of the cielectric 
layer . 
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Figures lA and IB illustrate a top and side view of an 
'jn-chir' inductor in acci^riance with the present invention; 

20 Figures 2A ana 2B illustrate an alternate embodiment 

of an on-cnip indu:'ti:>r in accordance with the oresent 
invent! jn; 

Figures 3A ana ?B illus::rate another emb-odiment of an 
25 on-chip inductor in accor'iance with the present invention; 

Figures 4A and 4B illustrate ye^ another em.bodim.ent of 
an on-chip inductor in accordance with the present 
inventic-n; 
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Figure 5 illustrates a further embodiment of an c-n- 
chip inductor in accordance with the present invention; 



Figures 6A and 6B illustrate a differential inductor 

in accordance with the present invention; 

5 Figures 7A - 7C illustrate an on-chip transformer in 

accordance with the present invention; 

Figures 8A and 8B illustrate a still further 
embodiment of an on-chip inductor in accordance with the 
10 present invention; and 



Figure 9 illustrates a logic diagram of a method of 
manufacture of an on-chip inductor in accordance with the 
present invention. 

DETAIL DESCRIPTION OF A PREFERRED EMBODIMENT 



Figures lA and 13 illustrate a top and side view of an 
on-chip inductor 10 that includes a winding 12 created on a 

20 dielectric layer 14. A P-well layer 18 and a substrate 16 
support the dielectric layer 14. As shown, a major surface 
20 of the dielectric layer 14 is substantially parallel to 
a major surface 22 of P-well 18. In this embc'diment of the 
on-chip inductor 10, a poly silicon layer (i.e., a poly- 

25 shield) is not included. By including a P-well layer with 
the absence c-f a poly-shield, quality factors for an 3-10 
nanci Henry inductor at 2.4 gigahertz of at least 10, which 
corresponds to a Q factor improvement of ar least 15% and 
more typically of 25% in comparison to a similar inductor 

30 having both a poly shield and a P-well. 



As one of average skill in the art will appreciate, 
the on-chip inductor 10 of Figure 1 as well as the other 
on-chip inductors and transformers described throughout the 
remaining figures, may be implemented using CMOS 
5 technology, gallium arsenide, silicon germanium, or any 
other type of technology used to implement integrated 
circuits . 

Figures 2A and 2B illustrate a top and side view of 
10 on-chip inductor 25 that includes winding 12 created on 

dielectric layer 14. The dielectric layer 14 is supported 
by a field oxide layer 32 and substrate 16. Majc-r surface 
20 of dielectric layer 14 is parallel to major surface 22 
of field oxide layer 32. In this emibodiment of on-chip 
IS ir-Hnrtor 7^^. r p'"'"i y-s 1. j. icon layer is not included. As with 
the inclusion of a P-well layer with the exclusion of a 
poly-silicon, the inclusion of a field oxide layer with the 
exclusion of a poly-silicon, improves the quality factor by 
at least 15% in comparis-jn to including botn. 

20 

Figures 3A and 3B illustrate a t.:p and side view of 
on-cnip inductor 30 that includes winding 12 created on 
dielectric layer 14. Dielectric layer 14 is supported by a 
field oxide layer 32, a P-well layer 13 and substrate 16. 

25 A major surface 30 of dielectric layer 14 is parallel to 
major surface 34, a field oxide layer 32 and major surface 
22 of P-well 18. In this embodiment of the on-cnip 
inductor 30, a field oxide layer 32 and P-weli layer are 
included but a poly-silicon layer is omitted. By including 

30 both a P-well layer and field oxide layer as opposed to 
including only one of the layers, the quality factor is 



further increased in cc-mparison to including the poly 
shield with the P-well and field oxide layer. 

Figures 4A and 43 illustrate an on-chip inductor 40 
5 that includes a spiral winding 42, metal bridges 44, 

dielectric layer 14, and dielectric layer 46. The spiral 
winding 42 is created on dielectric layer 14 while the 
metal bridges 4 4 are created on dielectric layer 46. The 
on-chip inductor 40 may include a P-well layer 18 and/or a 
10 field oxide layer 32. The entire structure is supported by 
substrate 16. The major surfaces of tne dielec::ric layer 
14 are substantially parallel to the major surfaces of the 
P-well 13 and/or field oxide layer 32. Tne on-chip 
inductcr 40, however, does not include a poly-shield. 

IS 

Figure 5 illustrates a side view of an on-chip 
inductor that has windings 50 and 52 cn multiple dielectric 
layers 12, 14 and 58. The on-chip inductor further 
includes a P-well layer 18 and/'cr h field I'Xi'iie layer 32 
20 supported by substrate 16. Windings 50 and 52 may ce 

single windings or spdral windings and may be connected in 
serial or parallel fasnicn. The on-chip inductor, however, 
does net include a poly-shield. 

25 Figures 6A and 6B illustrate a top and side view of a 

differential incuct-jr 60 that incl-^dos winding 12, center 
tap 62 created on dielectric layer 14. Tne differential 
inductor 60 also includes a P-well layer 18 and/or a field 
oxide layer 32 that is supported by substrate 16. Ncte 

30 that the winding 12 may include one or more turns on one or 
more dielectric layers. Further nc-te that the differential 
inductor 60 does not include a poly-silicon. 



Figures 7A - 7C illustrate an on-chip transformer 70 
that includes winding 12 on dielectric layer 14, secondary 
windings 74 on dielectric layer 72 a ?-well layer 18 and/or 
a field oxide layer 32 on substrate 16. The winding 12 may 
act as a primary winding for secondary winding 74. Each of 
the windings 12 and 74 may include multiple turns for 
dielectric layer and/or may include turns on multiple 
dielectric layers. The on-chip transformer 70 does not 
include a poly-silicon layer, which provides a poly-shield. 
As such, the quality factor of tne windings 12 and 74 is 
increasec in cc^mparison to current c^n-chip inductc-rs that 
include both a poly-shield and a P-weU or field -jxide 
layer. 

Figures 8A and 33 illustrate an on-chip inductor 30 
that includes winding 12 on dielectric layer 14 and 
includes a poly-silicL-n shield 32 on subs::rate 16. In this 
emb'jdiment , a field o:<i-:xe layer ana P-well layer are 
omitted. By including only a poly-silicon shield and not a 
?-well or fiela oxide l^yor, the quality factor, in 
comparison to including a poly-silicon with a ?-well and/or 
with a field oxide layer i.? increased icy lC-2;^. 

As one of average skill in the art will appreciate, 
the on-chip inductor 8 0 may have a multi-turn winding 12, 
m.ay have winding 12 on multiple dielectric layers and/or 
may include a secondary windinij to- p-rcduce an on-chip 
transformer. In addition, the on-chip inductor 30 may 
include a center tap to produce a differential on-chip 
inductor . 



Figure 9 illustrates a logic diagram for manufacturing 
an on-chip inductor. The process begins at Step 90 where 
at least one dielectric layer is created on a substrate. 
The process then proceeds to Step 92 where at least one 
5 conductive winding is created on at least one dielectric 
layer. The conductive winding may include one or more 
turns on one or more dielectric layers to produce an on- 
chip inductor. In addition, the conductive winding may 
have a center tap to produce a differential inductor. In 
10 addition, a 2^''^ conductive winding may be produced on a 2"^^ 
dielectric layer to produce an on-chip transformer. 

The process then proceeds to Step 94 where a P-well 
and/or a field oxide layer are created or a poiy-silicon 

15 shield is created on c curctrat:. Ac surh, the on-chip 

inductjr will be created with a F-well layer and/or a field 
oxide layer exclusive of a poly-silicon shield or created 
with a p:>ly-silicon shield exclusive of ^ F-well layer and 
a fielo oxide layer. As one of average SKill m zhe art 

20 will appreciate, when multiple metal layers are fabricated, 
the fabrication process cre-:tes -jne iielectric layer, then 
a corresponding metal layer, which repeats for each metal 
layer desired. As one of average skill in tne art will 
further appreciate, the fabrication steps may vary from the 

25 ones illustrated. 

The preceding discussic'n has presented an on-chip 
inductcT that has an improved quality factor and a method 
of manufacture thereof. By exclusively including a poly- 
30 silicon shield or a P-well and/or field oxide layer, the 
quality factor of on-chip inductors and on-chip 
transformers is improved. As one of average skill in the 



art will appreciate, other embodiments may be derived from 
the teachings of the present invention, without deviating 
from the scope of the claims. 



